UNCLASSIFIED 


AD  NUMBER 


AD840015 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Foreign 
Government  Information;  10  APR  1968.  Other 
requests  shall  be  referred  to  Department 
of  the  Army,  Fort  Detrick,  Attn:  Technical 
Release  Branch/TID,  Frederick,  MD  21701. 


AUTHORITY 


SMUFD  D/A  ltr ,  15  Feb  1972 


THIS  PAGE  IS  UNCLASSIFIED 


AD  8  40  01  5 


TRANSLATION  NO. 


DATE:  fd 


l 

I 


DDC  AVAILABILITY  NOTICE 


STATEMENT  H2  UNCLASSIFIED 
This  document  is  subject  to  special  export 
controls  and  each  transmittal  to  foreign 
governments  or  foreign  nationals  may  be  made 
on1y  with  prior  approval  of  Dept,  of  Army, 
Fort  Oetrick,  ATTN:  Technical  Release  Branch/ 

TIO.  Frederick,  Maryland  21701 


D  D  C 

pn’crr-''- 

j !.{  SEP2S8W 

JubC^CaiJ  U  au 


DEPARTMENT  OF  THE  ARMY 
Fort  Detrick 
Frederick.  Maryland 


THE  MULTIPLICATION  AND  VIRULENCE  0?  SEPT I- v 
CEMIC  PATHOGENS  WHEN  CULTIVATED  IN 
DEFIBRINATED  BLOOD 


Izvestiya  na  Mikrobiologicheakiya  Al.  Toshkov  and  Ta. 

Instltui  na  Bn 1 gars kata AEItkmiya  Karadshov 

na  Nauklte  (tfews  of  the  Microbio¬ 
logical  Institute  of  the  Bulgarian 
Academy  of  Sciences ),  Vol.  17, 

Sofia,  1965*  pages  155-164 


After  we  had  Investigated  the  multiplication  and  viru¬ 
lence  of  a  number  of  septicemic  pathogens  in  the  organism  of 
infected  animals  and  their  carcasses  and  after  it  had  been 
established  that  in  septic  carcasses  there  takes  place  an  ex¬ 
traordinarily  intense  multiplication  of  these  pathogens,  accom¬ 
panied  by  a  stepping  up  of  their  virulence  to  exceptionally 
high  levels  —  on  the  basis  of  which  finding  was  revealed  the 
true  role  played  by  carcasses  and  materials  from  dead  bodies 
i'rom  the  viewpoint  of  epizootiology,  epidemiology  and  the 
natural  foci  of  this  kind  of  infection,  we  set  ourselves  the 
problem  of  investigating  how  multiplication  and  virulence  pro¬ 
ceed  in  vitro  in  the  blood  of  various  species  of  animals.  In¬ 
vestigations  along  this  line  were  undertaken  with  a  view  to 
preparing  for  the  next  stage  of  the  work  f  rom  the  point  of 
view  outlined  above,  vis.  to  ascertain  whether  septicemic  and 
blood  pathogens  can  multiply  and  increase  in  virulence  in  the 
extraordinarily ' small  amounts  of  blood  which  are  taken  by 
bloodsucking  arthropods  in  transmissive  bacterial  infections. 

The  basis  for  initiating  these  investigations  was 
given  us  by  the  observations,  reported  by  Merchant  and  Packer* 
regarding  the  increase  in  virulence  of  Pasteurellae  after 
cultivation  in  the  blood  QJ  and  the  fact  well  known  in  epi¬ 
demiology  and  episootlology  that  faeteurell*  Pestle  multi-  . 
plies  at  an  extraordinary  rats  in  the  blood  round  1°  the 
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esophagi  of  the  fleas  which  spread  this  zoonosis. 

Experimental  solution  of  the  problems  thus  formulated, 
viz.  investigation  of  multiplication  and  change  of  virulence 
in  blood  in  vitro  and  thereafter  in  the  blood  taken  by  blood¬ 
sucking  arthropods,  would  no  doubt  contribute  to  an  even 
fuller  and  more  scientific  clarification  of  the  role  and  sig¬ 
nificance  of  these  arthropods  in  the  epizootiology,  epidemi¬ 
ology  and  natural  foci  of  a  number  of  infectious  diseases. 

Material  and  Methods 

The  technique  used  is  to  a  great  extent  similar  to  that 
in  the  other  works  on  the  multiplication  and  virulence  of  sep¬ 
ticemic  pathogens  in  infected  animals  and  their  carcasses,  but 
adapted  to  the  case*  Inoculation  is  from  24-hour  bouillon  cul< 
tures  into  defibrinated  sheep  and  swine  blood.  After  cultiva¬ 
tion  at  37°  for  24  hours  the  culture  is  sowed  on  or'.'/., 
bouillon,  which  is  used  as  a  24-hour  cult yi  • 
the  Investigated  bacterial  species  cz  . 
ing  (initial)  virulence  of  the  investinu\'_ 
mined  beforehand,  we  looked  for  the  degr^. 
virulence  during  a  24-hour  period  as  •,<*;_  m  _•»  ,.a 

dynamics  (at  24,  4$,  72  hours  and  so  on,.  At  the  saiae  nours 
a  count  was  made  of  the  multiplication  of  microorganisms 
either  by  counting  the  colonies  thereof  on  agar  or  by  direct 
count  in  smears  of  identical  thickness  (a  platinum  loop  of 
inoculated  blood  applied  to  an  area  defined  by  a  template). 

Strains  of  Erysipelothrix  rhuslopathiae,  Listeria 
monocytogenes,  Pasteurella  aviclda,  rasteurella  pseudotuber¬ 
culosis.  Bacterium  pyocyaneum  and  Salmonella  typnimurium 
underwent  analysis  from  this point  of  view. 

We  set  forth  the  obtained  results  in  sequence. 

Results 

Erysipelothrix  rhuslopathiae.  During  24-hour  culturing 
at  37°  In  defibrinated  sheep  blood  the  erysipelas  bacterium 
attained  almost  the  s^me  degree  of  virulence  as  in  tht  car¬ 
casses  of  experimentally  inoculated  animals  C4D*  With  & 
starting  virulence  of  2  •  10"  >  virulence  increased  in  24  hour* 
to  1.2  *  10" 5  with  this  difference  that  whereas  tbs  strains 
lsoleted  from  carcasses  Induce  death  in  white  mice  on  the  j 
4th  or  5th  day,  la  the  cate  of  strains  laolatsd  from  blood 
death  ensued  moat  frequently  on  tbs  8th  day.  Th»  reasons  for 
this  dtlay  in  tht  tins  of  dssth  art  tht  subject  of  further 
study* 
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The  virulence  of  erysipelas  bacteria  isolated  from  car-\ 
casses  of  experimentally  inoculated  animals  and  birds,  as  es¬ 
tablished  in  the  preceding  studies,  is  at  its  highest  by  the 
5th-9th  hour  after  death  (in  the  case  of  carcasses  kept  at  a 
temperature  of  18-22°).  Later  it  begins  to  decline  due  to  the 
suppression  of  certain  vital  functions  of  the  bacterial  cells* 
which  sets  in  and  proceeds  as  a  result  of  intensified  putre¬ 
factive  processes.  In  view  of  this,  we  were  interested  in 
investigating  how  virulence  would  change  in  a  medium  lacking 
septic  microorganisms,  such  as  blood  taken  under  sterile  con¬ 
ditions.  For  this  purpose  we  undertook  to  investigate  the 
dynamics  of  this  process  during  protracted  culturing  in  blood* 
as  well  as  the  extent  to  which  any  changes  in  virulence  would 
coincide  with  the  observed  increase  in  virulence  in  a  septic 
erysipelas  carcass.  It  was  established  that  with  24-hour 
culturing  in  defibrinated  sheep  blood  taken  under  sterile  con¬ 
ditions  the  virulence  of  Ery.  rhusiopathiae  increases  to  1.2  • 

10“5  (a  60-fold  increase  in  comparison  with  starting  viru¬ 
lence);  with  48-hour  culturing  to  2.5  •  10"^  (a  120-fold  in¬ 
crease);  with  72-hour  culturing  to  5*1  *  10“ 5  (a  255-fold  in¬ 
crease);  with  120-hour  culturing  to  10“6  (a  500-fold  increase); 
with  144-hour  culturing  2  •  10"°  (a  1000-fold  increase). 
Thereafter  it  gradually  declined,  at  the  192nd  hour  reaching 
the  level  at  120  hours  (10~°)  and  continuing  to  diminish* 

More  protracted  culturing  in  blood  leads  to  the  production  of 
R  forms.  Clearly,  the  possibilities  of  an  increase  in  the 
virulence  of  e^yaipolas  bacteria  are  much  greater  in  blood  in 
vitro  than  in  a  septic  carcass. 

Simultaneously  with  the  dynamics  of  the  change  in  viru¬ 
lence,  the  dynamics  of  the  multiplication  of  Er^ .  rhusio¬ 
pathiae  in  defibrinated  sheep  blood  was  determined”!  HTthe 
above-indicated  times  cultures  of  1:1,000,000  dilutions  of  bac¬ 
teria  cultivated  in  blood  were  mad8  on  agar  in  Petri  dishes. 
From  the  number  of  colonies  we  determined  the  number  of  bac¬ 
teria  per  ml.  As  a  result  of  the  thus-conducted  analysis  the 
number  of  erysipelas  bacteria  per  ml  of  blood  went  as  high 
as  2.5  billion  in  24  hours,  1.15  billion  in  48  hours,  57o  mil¬ 
lion  in  7 2  hours,  400  million  in  96  hours*  250  million  in  120 
hours*  and  400  million  in  168  hours  after  which  it  gradually 
dropped  and  went  to  200  million  at  the  240th  hour.  It  can  ba 
seen  that  the  number  of  erysipelas  bacteria  is  greatest  at 
the  24th  hour,  after  which  it  declines  while  virulence  in¬ 
creases  to  the  144th  hour*  that  is*  the  intensification  of 
virulence  by  blood  is  not  directly  proportional  to  multiplica¬ 
tion. 

The  results  in  ths  ease  of  culturing  in  swine  blood  are 
identical  with  those  above. 
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Listeria  monocytogenes*  As  in  the  case  of  ErVsipelo- 
thrlx  rhuslopathlae,  nere  likewise  we  undertook  to  follow 
through  the  changes  in  virulence  during  culturing  in  defibrin- 
•ted  sheep  and  swine  blood.  During  a  24-hour  stay  in  the 
thermostat  the  Listeriae  in  swine  and  sheep  blood  increased 
their  virulence  to  a  degree  cloae  to  the  maximum  in  a  putres¬ 
cent  septic  carcass.  Given  a  starting  virulence  of  3  *  10"S 
it  reached  10“5  in  24  hours,  with  mice  here  again  dying  with 
a  certain  lag  of  from  1  to  3  days*  With  more  protracted  cul¬ 
turing  in  blood  virulence  increases  significantly,  vis.  3000 
fold  in  24  hours,  10“”  in  4$  hours  (a  30,000-fold  increase) 
with  a  gradual  increase  at  the  72nd  and  the  96th  hour,  reach¬ 
ing  10“'  (a  300,000-fold  increase)  at  the  120th  hour,  and 

10“*  (a  3,000,000-fclu  increase)  at  the  144th  hour,  with  a 
gradual  decline  during  later  hours.  As  in  the  case  of  Er y* 
rhuslopathlae,  virulence  in  the  case  of  Listeriae  rises 
smoothly  and  is  maximal  at  the  144th  hour  with  a  1000-fold 
increase  in  comparison  with  the  24th  hour,  1*  e.  the  change 
in  virulence  takes  a  course  of  the  type  characteristic  of  the 
erysipelas  pathogen*  The  same  thing  holds  for  multiplication 
in  blood  —  the  maximum  is  reached  by  the  24th  hour  with  a 

Sradual  decline  in  the  number  of  Listeriae  per  ml  of  blood 
uring  subsequent  hours* 

Pasteurella  aviclda.  In  determining  the  change  in 
virulence  of  the  chicken-cholera  pathogen  in  carcasses  of  ex¬ 
perimentally  inoculated  mice,  rabbits,  hens  and  pigeons,  we 
established  an  increase  in  virulence  to  an  exceptionally  high 
degree  CSD*  It  was  of  Interest  whether  this  paradoxical  in¬ 
crease  in  virulence  would  be  duplicated  with  culturing  in 
blood* 


For  convenience  we  worked  with  the  vaccine  strains  of  . 
Tonev  and  Zhekov. 

In  the  event  of  24-hour  cultivation  in  defibrlnated 
sheep  blood  taken  under  sterile  conditions,  the  virulence  of 
Pasteurellae  increases  to  an  extent  almost  identical  with 
the  change  of  virulence  in  putrid  septic  carcasses.  With 
initial  virulence  of  10“*,  the  "Tonev11  strain  increased  its 
virulence  in  24  hours  to  10”*°,  and  the  "Zhekov”  strain  from 

IQ"2  to  10“*2.  The  mice  inoculated  with  these  Pasteurellae 
died  several  days  later  than  the  mice  inoculated  with  Pas¬ 
teurellae  Isolated  from  carcaaaes* 

X a  the  event  of  culturing  in  defibrlnated  swine  blood, 
virulence  reached  10***  in  24  hours  with  the  "Tonev"  strain  md 


10“12  W£th  the  "Zhekov"  strain. 

Multiplication  of  Pasteurellae  in  blood  was  at  its 
maximum  at  the  30th  hour  (30-40  billion  cell3  per  ml  of  blood) 
with  a  gradual  decline  during  subsequent  hours  (20-25  billion 
at  the  36th-48th  hour  and  10-15  billion  at  the  60th-100th 
hour).  And  here,  just  as  in  the  case  of  erysipelas  bacteria 
And  Listeriae,  the  greatest  degree  of  virulence  did  not  tally 
in  time  with  the  masent  of  most  intense  multiplication.  Where¬ 
as  in  carcasses  the  virulence  of  Past,  aviclda  is  maximal  at 
the  12th-24th  hour  (depending  on  the  temperature  at  which 
the  carcass  is  kept)  and  at  the  24th  hour  in  blood,  we  have  tbs 
post  Pasteurellae  per  ml  of  blood  at  the  30th  hour. 

It  was  of  interest  to  know  whether  Pasteurellae  like 
erysipelas  bacteria  and  Listeriae  would  increase  in  virulence 
if  cultured  more  protractedly  in  blood.  We  staged  this  ex¬ 
periment  with  a  new  strain  of  Pa3t.  aviclda  with  initial  viru¬ 
lence  of  10"*.  We  cultured  it  at  37°  in  defibrinated  sheep 
blood  taken  under  sterile  conditions,  making  isolations  in 
ordinary  bouillon  at  the  24th,  48th,  72nd  and  96tn  hour.  Aft¬ 
er  24-hour  culturing  we  diluted  the  bouillons  with  physio¬ 
logic  solution  (each  dilution  made  with  a  separate  pipette) 
and  titrated  it  on  mice.  In  blood,  virulence  increased  to 

lCT2?  in  24  hours,  to  lO"2^  in  43  hours  and  to  lO"1^  in  72 
hours,  and  dropped  below  10"^  in  96  hours.  In  contrast  to 
the  erysipelas  bacteria  and  Listeriae,  where  virulence  in¬ 
creased  gradually  in  the  event  of  protracted  culturing,  as¬ 
suming  at  the  120th-144th  hour  values  9T0-1000  times  greater 
than  those  at  the  24th  hour,  Pasteurellae  were  most  virulent 
at  about  the  24th  hour,  after  which  their  virulence  rapidly 
declined.  By  virtue  of  their  rapid  end  unusually  high  in¬ 
crease  in  virulence  the  duration  of  this  process  was  short. 


Paateurella  pseudotuberculosis  also  underwent  similar 
investigations.  With  initial  virulence  of  2  •  10*1,  viru¬ 
lence  of  the  strain  after  24-hour  culturing  in  defibrinated 

(sheep  and  swine)  blood  incrersed  2000  fold  —  to  10~^  —  a 
value  close  to  that  for  the  Increase  in  virulence  in  24  hours * 
time  in  a  septic  carcass  C2D* 

Multiplication  of  Paateurella  pseudotuberculosis  in 
blood  also  exhibits  sisable  differences  in  comparison  with 
the  multiplication  of  Past,  aviclda.  The  number  of  cells  in¬ 
creased  gradually  —  from  50  to  "500  million  per  ml  of  blood 
at  the  12th  hour,  about  2*5  billion  at  the  24th  hour,  3*4  bil¬ 
lion  at  the  32nd-36th  hour,  whereafter  it  declined  evenly  to 
500  million  at  the  72nd  hour,  i.  e.  it  reached  levels  ten 
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timea  lower  than  the  corresponding  ones  for  Past,  avicida. 


The  curve  of  postmortal  multiplication  of  Past,  pseudo- 
tuberculosis  C2J  is  very  similar  to  the  curve  of  multiplica¬ 
tion  in  defibrinated  bloody  which  is  an  indication  of  a  cer¬ 
tain  stability  of  the  cells  as  regards  the  putrefactive  pro¬ 
cesses.  The  actual  formation  of  Bjpolares  aeptjcl  in  the 
case  of  Past,  pseudotaberculosis  sets  in  later  and  proceeds 
hore  slowly  than  in  hist.  avicida.  Its  greater  lability  is 
conspicuous  in  comparison  with  the  curve  of  postmortal  aulti- 
plication  C5H  and  the  curve  of  multiplication  in  sterile 
blood.  Whereas  in  a  sej tic  carcass  the  greatest  number  of 
Pasteurellae  is  at  the  12th  hour  after  death  and  the  disinte¬ 
gration  of  Bipolarea  begins  at  the  24th-46th  hour,  in  sterile 
blood  the  maximum  is  at  the  30th  hour,  and  the  minimum  not  be¬ 
fore  the  72nd  hour. 

Bacterium  pyocyanemn.  Under  the  same  experimental  set¬ 
up  with  initial  virulence  of  3  •  10“^-,  Bact.  pyocyane||fn  in 
sheop  blood  increased  its  virulence  30  fold  —  to  10-2  —  in 

24  hours,  and  in  swine  blood  60  fold  —  to  5  •  10~3,  with  the 
death  of  the  mice  ensuing  several  days  earlier  (those  inocu¬ 
lated  with  the  culture  in  swine  blood  died  on  the  5th  days 
while  those  inoculated  with  the  culture  from  sheep  blood 
died,  on  the  average,  on  the  10th  day).  This  exceeds  the 
change  in  virulence  in  the  septic  carcasses  of  guinea  pigs, 
where  the  maximum  value  of  virulence  reached  wao  2  •  10~^C33. 
This  fact  is  probably  due  to  the  greater  susceptibility  of 
guinea  pigs  to  this  bacterium. 

With  96-hour  culturing  of  Bact.  pyocyanemn  in  defibrin- 
ated  sheep  blood,  virulence  doubles  in  comparison  with  the 
the  24th  hour  (5  •  10“3).  Thus  Bact.  pyocyaneum.  although 
Oram -negative,  is  closer  to  the  erysipelas  type  of  increase  in 
virulence. 

Multiplication  of  Bact.  pyocyaneum  in  defibrinated 
blood  has  the  following  course:  about  1  billion  bacteria  per* 
ml  at  the  5th-6th  hour,  about  2  billion  at  the  12th  hour, 
700-600  million  at  the  24th  hour,  whereafter  it  gradually  in¬ 
creases  until  the  46th  hour  (30-40  billion)  and  subsequently 
drops  to  700  million  at  the  72nd  hour,  beginning  to  rise 
again  (to  2-3  billion)  in  subsequent  hours.  The  curve  of 
multiplication  in  blood,  aa  compared  with  the  Pasteurella 
curves,  is  reminiscent  of  the  multiplication  of  Past,  avicida 
in  respect  of  the  extraordinarily  high  number  or  cells  an 
the  multiplies tlea  of  Past,  paeudotubereuloaia  in  respect  of 
its  maximum  at  barely  the  tain  nour.  compared  with  the  carve 


of  postmortal  multiplication  of  Bact*  pyocyaneua  in  the  blood 
of  septic  carcasses  C33,  it  shows  minimal  differences. 

Salmonella  typhlmurium  was  also  the  subject  of  investi¬ 
gation  Into  posimortai  changes  of  virulence,  and  it  was  of 
interest  to  r'-  to  what  extent  these  changes  would  be  corrob¬ 
orated* 

With  24-hour  culturing  at  37°  in  defibrinated  sheep  and 
swine  blood  taken  under  sterile  conditions,  identical  results 
were  Obtained:  virulence  increased  600  fold  —  fro*  3  *  10~2 

to  5  •  10“5. 
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Gradually  the  number  of  Salmonellae  per  ml  of  blood 
Increased,  with  a  maximum  at  the  36th  hour  (about  3  billion), 
whereafter  it  decreased  smoothly* 

Discussion  of  Results 

The  results  obtained  from  the  experiments  involving  the 
culturing  of  Erysipelothrix  rhusiopa thiae.  Listeria  monocytog¬ 
enes,  Paateurella  avlcida,  i^asteurella  paeudbiuberculosis,  BaC’ 
l^iunTpyocyaneum  and  ^almoneHa  typhiraurium  for  the  purpose 
of  tracing  the  rate  an'd  extent  of  multiplication  and  any 
changes  in  virulence  in  defibrinated  blood  in  vitro  showed 
that  in  this  respect  the  above-mentioned  pathogens  behave  in 
the  same  way  as  in  the  carcasses  of  experimental  animals  that 
died  after  experimental  inoculations  therewith*  In  general¬ 
ised  loro,  these  results  are  given  in  Table  1. 


For  Past*  avlcida  the  increase  is  of  the  order  of  many 
billions  of  "Limes ToFTast*  pseudotuberculosis  in  both  sheep 
and  swine  blood  the  increase  is  about  2(XX)  fold;  for  Bact* 
pyocyaneum  in  swine  blood  60  fold  and  in  sheep  blood  30  Void; 
for  3almT“ typhlmurium  in  both  kinds  of  blood  600  fold:  for 
Ery.  rhusiopa thiae  bo  fold;  for  List*  monocytogenes  >00  fold* 


As  can  be  seen  fro*  the  Table,  regardless  of  the  ex¬ 
traordinarily  great  increase  in  virulence  the  inoculated  ex¬ 
perimental  animals  were  sick  for  a  longer  time. 


In  general,  these  data  show  that  in  blood  in  vitro  the 
septicenic  bacteria  Multiply  intensely  and  increase  their  vir¬ 
ulence  to  very  high  degrees.  In  view  of  the  high  Multiplica¬ 
tion  of  Past*  pest  is  in  the  esophagi  of  plague-carrying  fleas, 
which  proceeds  in  tne  sa*e  way  as  multiplication  in  blood  in 
ritro  la  here  shown  by  us  to  proceed,  it  can  with  great  proba¬ 
bility  bo  assumed  that  multiplication  in  the  blood  taken  by 
arthropods  will  alao  entail  an  increase  in  virulence,  like  the 

I Text  continues  on  page  1(0 
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Keys  to  Table  1  (by  columns): 


A. 

Pathogen 

B. 

Initial  virulence 

1-2. 

10’1  "Tonev" 

strain  (T) 

3-4. 

10"2  "Zhekov* 

strain  (Zh) 

C. 

Maximum  virulence 

I.  1-2. 

Swine 

9. 

3-4. 

Sheep 

10. 

5. 

Swine 

11. 

i 

6. 

Sheep 

12. 

7. 

Swine 

13. 

8. 

Sheep 

14. 

II.  2. 

10~^  Zh 

4. 

10~1Z  Zh 

D. 

Increase 

2. 

10“10  Zh 

4. 

10“10  Zh 

5-14. 

.  .  .  fold 

K. 

Mom.  ex. 

letalis 

1. 

8th  day  T 

8. 

2. 

6tn  day  Zh 

9. 

3. 

4th  day  T 

10. 

4. 

4th  day  Zh 

11. 

5. 

7th  day 

12. 

6. 

7ta-10th  day 

13. 

7. 

5th  day 

14. 

Swine 

Sheep 

Swine 

Sheep 

Swine 

Sheep 


10th  day 
lO^h-llth  day 
lOth-llth  day 
8th  day 
8tn  day 
4th-5th  day 
4th-5th  day 
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increase  in  virulence  which  we  found  in  blood  in  vitro.  Spe¬ 
cial  investigations  are  in  prospect  to  study  this  problem. 
Bloodsucking  arthropods  will  be  released  on  inoculated  experi¬ 
mental  animals  during  the  stage  of  bacteriemia.  The  rate  and 
extent  of  multiplication  Kill  be  traced  in  blood  from  their 
esophagi,  while  virulence  will  be  traced  in  cultures  Isolated 
from  them  at  fixed  intervals  of  time  by  titration  on  experi¬ 
mental  animals* 

> 

Conclusions 

f 

On  the  basis  of  the  experiments  here  conducted  the  fol¬ 
lowing  conclusions  can  be  drawn: 

1.  The  investigated  strains  of  Ervaipelothrix  rhusio- 
pathiaeT*  Listeria  monocytogenes,  Pa steurella  avicida,  Pasieur- 
ella  pseudobuberculosis,  Bacterium  uyocyaneum  and  Salmonella  ~ 
byphimuriumin  24  hours’  time  increase  their  virulence  in  de- 
fibrihated' sheep  and  swine  blood  up  to  values  close  to  or  iden¬ 
tical  with  those  which  virulence  reaches  in  septic  carcasses. 

2.  The  same  strains  if  cultivated  for  a  longer  tima 
in  defiFrinated  sheep  and  swine  blood  increase  their  viru¬ 
lence  several  times  more  than  in  carcasses.  This  is  an  indica¬ 
tion  of  the  inhibitory  effect  which  the  putrefactive  processes 
have  on  virulence  and  which  begins  to  be  manifested  in  the 
later  stage  of  these  processes. 

Past,  avicida  constitutes  an  exception.  Its  maximum 
virulence  occurs  by  the  24th  hour,  followed  by  a  rapid  de¬ 
cline  —  one  more  indication  of  its  extraordinary  lability. 

3.  Differences  between  the  increase  of  virulence  if 
cultured  in  sheep  blood  and  if  cultured  in  swine  blood  are  re¬ 
vealed  only  in  the  case  of  Bact.  pyocyaneum.  Strains  of  this 
bacterial  species  cultivated  in  swine  blood  doubled  their 
virulence  as  compared  with  strains  cultivated  in  sheep  blood 
and  ieolrted  from  carcasses,  and  inoculated  mice  died  twice  as 
rapidly* 


4.  White  mice  inoculated  with  septicemic  pathogens 
whose  virulence  had  intensified  following  cultivation  in  de- 
fibrinated  blood  died  later  in  almost  all  cases  than  those 
inoculated  with  cultures  isolated  post  mortem  from  septic  car¬ 
casses* 


5*  Multiplication  of  the  investigated  bacteria  in  de- 
flbrlnated  sheep  blood  showed  values  closer  (Erv*  rhusiopa-. 
thiao.  List*  aonosytogenest  Past,  pseudotubercuiosia j  to^ 
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or  more  diverse  (Past,  avicida)  than  those  in  septic  carcasses 
There  is  a  general  tendency  on  the  part  of  the  Bipolares  sep- 
tici  to  balloon  and  be  lysed  in  the  defibrinated  blood  mors 
slowly.  This  is  emphasized  especially  well  in  the  case  of 
Past,  avicida  and  is  a  sign  of  its  high  susceptibility  to 
putrefactive  processes  and  their  products. 

6.  The  results  obtained  from  the  investigations  into 
the  multiplication  and  increase  in  virulence  in  blood  in  vitro 
of  six  species  of  bacteria  from  the  group  of  septicemic  and 
blood  pathogens  gives  us  the  basis  for  proceeding  to  the  next 
stage  of  work  from  this  point  of  view,  viz.  to  undertake  in¬ 
vestigations  to  trace  the  manner  in  which  septicemic  and 
blood  pathogens  multiply  and  perhaps  increase  in  virulence  in 
infinitesimal  quantities  of  blood  taken  by  bloodsucking  arthro 
pods  in  transmissive  infections. 

Study  of  this  question  is  of  extraordinarily  great  val¬ 
ue  in  order  to  clarify  the  actual  role  and  significance  of 
Arthropoda  as  a  factor  not  only,  in  disseminating  infectious 
diseases  of  this  group  but  also  in  increasing  the  amount  and 
intensifying  the  virulence  of  the  infectious  principle. 

Submitted  to  press  26  November  1964* 
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1  summary 

The  authors  traced  the  multiplication  and  change  in 
virulence  Erysipelothri*  rhusiopathiae,  Listeria  monocytog^. 
enes,  Pasteurella  avicida,  rasteurella  pseuHo^uberculosis, 
Bacterium  pyocyaneum  and  S almonella  t y pn i murium  When  these 
were  cultured  in  deTibrinated  sheep  and  swine  TJlood  taken 
under  sterile  conditions.' 

Multiplication  in  defibrinated  blood  shows  values  close 
to  the  values  in  septic  carcasses.  The  maximum  number  of  Ery. 
rhusiopathiae  and  List,  monocytogenes  bacteria  per  milliliter 
of  blood  occurs  in  24  hours  l about  2.5  billion);  for  Past, 
avicida  the  maximum  is  established  by  the  30th  hour  and  the 
number of  microorganisms  per  ml  reaches  huge  quantities  -- 
30-40  billiop.  The  situation  is  approximately  the  same  with 
Bact.  pyocyaneum  as  well,  except  for  a  maximum  at  the  4$th 
KdurT  Vast.^'^eudotuberculosis  and  Salmonella  typhimurium 
have  an  intermediate  ranking  in  this  respect. 

The  authors  also  established  differences  between  the 
rate  of  ballooning  and  disintegration  of  Bipolares  in  blood 
and  in  septic  carcasses,  most  markedly  pronounced  in  the  case 
of  Past,  avicida.  The  more  rapid  formation  and  lysis  of 
Bipolares  in  carcasses  are  due  to  the  great  susceptibility  of 
PaateureTlae  to  putrefactive  processes  and  their  products. 

^The  increase  in  virulence,  determined  by  the  difference 
between  initial  virulence  and  virulence  a£ter  culturing  in 
blood  in  vitro  for  2 4  hours  at  37°^  C,  is  specific  for  each 
of  the  six  investigated  species  of  bacteria.  For  Past,  avi- 
cida  virulence  increases  many  billion  fold;  for  Past,  pseudo- 
SuEerculosis  about  2000  fold;  for  Bact.  pyocyaneum  —  in 
blood  --  ou  fold  and  in  sheep  blood  30  fold:  for  Seim,  tvphi-, 
murium  600  fold;  for  Sry.  rhusiopathiae  60  fold  and  lor  Lis  . 
monocytogenes  about  300  fold.  _  ...... 

f 

Regardless  of  ths  exceptionally  great  increase  in 
virulence  the  experimental  animals  in  almost  all  cases  die 
later  than  animals  inoculated  with  cultures  isolated  post 
mortem  from  septic  carcasses. 

These  sobs  strains  when  cultured  for  an  even  longer 
time  in  defibrinated  sheep  and  swine  blood  continue  to  in¬ 
crease  in  virulence  up  to  values  several  times^eater  than 
those  in  carcasses.  This  is  an  indication  of  the  inhibitory 
affect  which  advanced  putrefactive  processes  in  carcasses, 
together  with  their  products,  have  on  virulence* 
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All  these  results  provide  a  basis  for  underta king  in¬ 
vestigations  in  order  to  trace  the  extent  to  which  the  numbers 
and  virulence  of  septicemic  pathogens  increase  in  blood  -- 
even  in  the  infinitesimal  quantities  of  b}°?d  b Jk®J  by  blo??le 
sucking  arthropods  in  transmissive  bacterial  inf ®CV?U8,_ 
would  clarify  experimentally  the  actual  P®rt  P}®y®dby» 
the  significance  of,  Arthropods  in  the  episootiologypep 
demiology  and  natural  foci  of  a  considerable  number  of  infec 
tiouB  diseases* 
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